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Al) S’J’JiACT

WC rcpcni  cm tlIc  discovcxy  d Ccphcids  ill tlIc  field sl)iral galaxy NGC 3 6 2 1 ,

lMSCX1  OII olxm’atiolls  lnadc witlI tlIc Wide l“icld iiIId l’laIIctary  Canlcra 2

011 hoard  1,1 Ic IIt{hhlr:  S’pacC:  7klcscop(  (11 S’1’). NTGC 3(i21  is OIIC of 18 gdaxics

olxwrvcd  as a part of 7’1/  c 11,$1’  Arc?y l)w~jcct on 1~1 f lhimgalocfic l)islancc  Smlt:,

wllicl]  aims to mcasuw tlIc llul)blc  (knlstallt  10 1 O% accuracy .  69 CcpllC*iCls

wjtl] lmriods  iII tlIc rallgc 9 6(I days  IIavc lxc II olmrvcd ova 12 cpocl  Is using

tllc  l~555W filter,  al]d 4  CIKKIIS using  tllc  l~814W filter. ‘J’lIc llS’ll 1“555W7 a]ld

11’814\Y data llavc  bmI trallsforllld  to tile  JOIIIISOIJ V  al)d Cousins  1 magnitude

syskvns,  mqxdivcly. 1 %otlomct’ry tvas ]JC~f0371K’d  using  t w o  indcpcl](lc])tj

])ackag(x,  l) Aol)llO’J” ll/Al,l,lI’li  AM II; and  1)01’11()’J’.

l’elic)cl-llllllillc)sity  rclatimls  ill ilIc Iz al]d 1 kilIcls  llavc  l)muI cmlstruct(d

llsi]]~  23 IIip;ll-qualitjy  (k]~llcids  }jrcscllt  ill our SC( of (J9 varial)les.  l)istallcc

IIloduli  relative to the ljMC  of 10.70 4 ().07 lnag and 10.5(;  :{ 0.09 lnag are

ol~tai]ld  usil]g;  tlIc  Al,l,l~li AM II) and  l)o1’ll()’J1  data,  rcs}wctivcly.  ‘J’ruc distallcc

lnoduli  of 29.20 + 0.18 lnag and  29.06 3 0.18 lnag, corrcspolldi]lg  tc) distal)ux

o f  6.9 4 0 . 7  Mpc  al]d 6.5 4 0 . 7  IVl])c,  arc obtailld  by assulllillg  values  o f

~lo = 1 8 , 5 0 : 1  0 . 1 0  lnag and I;(V - 1) = ().08 IIlag fol {lIc distallcc  IIlodulus  .alId

rddcllillg  of the ljNIC, rcs})cctivcly.

,Svb.jcci  1/ codings..  galaxies: illclil’iclllal(NT(;(;  3621 )  ga lax ies :  distal  lc.cs

stars: Ccpl)ci(]s
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1$ lnt)rocludion

‘1’llcsc  Ol)scrvaiio]ls  of tllc s])iral galaxy N(; C 3 6 2 1  forln  a pal’t  of a Kcy  l’1’[)jwt  fol’

tlIc  IIl(bbl[ ,$pc{cc lkicscopc  (11 S’1’), ‘I’l Iis ]Jrojcctj  l< II OlVII as 7’11 c 11S7’  Kcy l’ro%jwi on ih c:

l’lr17wjol(lciic  ])isiancc Scale  (1’’rccd] IIaII C( al. 1994a,  19941), IW4C, Molll[]  Ct’ al. 1995,

and  l{ Cl Il]i CUtlt,  IJrccd]nall  a]]d Mould  1995), a ims  to m e a s u r e  tlIc JIubb]c  Constant  10

IO% accuracy. ‘J’l]is  will h acllicvd  Ly ol)taillilig  d i s t ances  l)asd mI Cc])llcid  varial)lr

stars to cigllt,ccll  diffcrmt  galaxies, whit]) will l)rovidc  a firJII  basis for tltc calil)ratioli of

sevcra]  sccol]dary  indicators: tlIc  ‘1’ully-]’’isllcr  rclatiolll  tlIc Surface IIriglltllcss  l“lll(t~latiol}

hlctllod,  tlIc ltx])alldillg  l)lIOtOSl)lICIC  h!ctllod,  tllc  l’laIIctary  Nclju]a  l,ulllillosity  l“ullctioll,

tl]c (~lobu]ar  Cluster l,umil)osity  l“ul)ction, al]d tlIc  ‘J’y}m l a  Su}mrllova Standard  Calldlc

IVlctllod. ‘1’lIc II S’J), wit]] its cllllallcd  rcsolutioli  ove r  g round-based  tclcscol)cs  and  its

]Josit,ioll  ill s])acc wllicll rcIIIo\7cs  ]na]ly  of tlIc ]) IOIIICIIIS  plaguil]g;  t,crrcstria]  ol.)scrvcrs,  i s

tlIe ideal instru]nc]lt  for the stringent dcIIIal Ids of this iy]w of ])rojcc.t.  Obscm’atiolls  of

(kq)lleidsill  MI OOusingll  S’J’  (1’’crrarcscd  al. 1996)  l)al’[:  alrcacly  yicl[lc(l (;c])llcicl  d i s t ances

toF;alaxicsill  the Virgo  Clustcrj t h u s  dis])layillg  tllc  ca])al)iliticsof  tllc WI’’I)C2 illstrulncllt

ill cl(:tcctill,g;  Ccpllcids  ill galaxiw outside of  tllc IJoml (~rou]).

N(; C3(i21 is a rclativc]y  iso]atcd  s])ira]  wit]] a l])c)l]Jl]oloF;ical”  c l a s s i f i ca t ion  of Sc

11,8 (Sandagy  /2 ‘1’ammallll 1981)  or Sc 111-l\~  (dc Vaucoulmrs  d a l .  1991)  alId a

l o w  galactc)c[:lltlic  rdshift of 526 km/s  (dc VaucoulcIIIs  d al. 1991), illdicatlivc  of a

col])])arativcly  small  distallc.c  rclatiw to that  of tl)c Virgo  cluster  (h40uld  d al, 1995). Its

colll])lex ])attcml  of partially rcsolvd,  irregular s])iral arllls  Inakcs  it a?] cxccllcllt  cal]didatc

for tllc dctdicnl  of Ccp]lcids,  wllilc  its IIigll il)clillatioll  (i = 60°) and  well-ordered 11-1

rotatiol]  ((; ardillcr  & Wllitcoak  1 977) indicates that it is an ideal ol>jcc.i  for tllc  calibratio]l

o f  the ‘J’ullJ’-l<’isllcr  rclatioll as al)])licd to fic]d s})irals,



5

WC dcscribc  t,llc obswvat,iolls  aJId ]Jrclilllil)ary  r educ t ions  ill ~2, ‘1’11(! pllotollldl’y  Zlll(l

calil)ratioll  of III(: illstrulllclltal  II]agllitudcw is discussd  ill ~3, ‘I’l Ic scarc]l  for (.;c])llcids  Ilsinlg

two il)dqxlldcllt  ])l)otolnctric  algoritll~t]s  aIId tlIc  rcsultil]g  sd of va r i ab les  arc dcscribd  i]]

$4. l)cri[)[l-llllllil]osity  relat ions al]d distallcc  lnmlu]i  arc l)IwcIItcd and  d i scussed  ill $5, and

our  conclusions arc give]] ill SC.



2. observai}ions  and l{ecluctions

2.1, Observations

OlxmvatioI]s  of NGC 3(i21  usi]lg tile  W i d e  l’icld  a]}d l)ltil)etary  Calncra 2 (WI’I’C2)

s-yst,c]l)  o]l the 11 S’1’ C.O]]]I]lCIICCC1  0]1 I) CCCIIII)CI  27,  1994 ~vitll t}]c first  of  24 I“555W

(a],],roxilnaicly  JOI]]]SOII  V) i,),agcs. ‘1’l)c olmrIwtiolls  were sl)lit over 12 clmc]ls  Jvitllil]  a 6(I

day  window;  11 of tllclll  were  cosll]ic-ray  s])lit and  OIIC was a sing]c m]msurc. 11) additiml,  9

l“fS14\31 (a])])lc)xilllatcly  Cousil)s  1) ill)ages  dil’idcd  alIIOIIg four q)ocl)s, and 4 1“43914)  ilrlagcs

o v e r  {WO qmchs  were  ol>tlail]cxl. l“or l~otl  I tlIc l~555W and  I“814W filters,  a  sillglc sllortl

cx}msurc  of 180 scco]]ds was obtaillcd  to provide a lillcariiy  cllcck 011 tllc II)agl]itudcs  derived

l)y tllc ])lloio]nctlic  routinm. ‘1’IIc  WI’’]](;2 foot])rillt  fo r  tl]c obscrvafio]ls,  supcriln}mscd

011 a wide-fic]d image of tltc :;a]axy  (killdl-y lnadc  avail al)lc l)y Sandagc & IIdkc 1985), is

SI)OWH ill l“igurc  1, wllilc  a II)osaic of tl]c WI’’1’C2  illlagcs  call bc sccll  ill F’ig;urc 2 .

‘J’llc  WI’’1’C2  illcludm four 800 x 800 CCl) de tec to r s . ‘I IIIIXW of these,  tlIc  Wide l’ield

CaIIIcras,  IIaw a ])ixcl  size of 0.1 arcsccol]ds  as ]Irojcdcd  011 tlIc  sky, for a total field of vim

of 1.3 x 1.3 arclni~lulxx  cad]. ‘JIIIC rmnaillil)g  CC]), tile l’la]]ctar-y  Cal]]cra, IIas a ])ixcl  si~fc

of 0.04 (i arcsccwllcls  as projcctd  o]] t IIc sky, for a total field of vimv of 3(i X 3(i arcsccollds.

A  IIIOIY ddaild  cxlmst 01] t h e  WI’’]’(I2 illstrulllmlt  call lx foullcl ill l’l~c 11,S7’ 11’I’’I’CZ

lnsirumcni  IIandbook  (Ilurrows  ct al. 1994). All obscrvatio]ls  were )I~ade w’itl] tl)c  tclcscol)c

guiding ill fiIIc lock wit]] a stability of a])])roxilnatcl-y  3 mas. ‘J’l)c gain and  readou t  IIoisc

were 7 c- /l)lN and 7 c- , rcspcctivcly. ‘1’l]c CC]) was o]wratcd  at a tclll}matum  of -88° C

for all ol~scr~’ations.

l’;x]murc  till]cs  alId d a t e s  f o r  cac]i olm:rvatiol)  arc givcll ill ‘Jkblc 1. ‘J)he sall]])lillg;

strategy, as discussed by l“rd]]]a}l  et al, (1 994a),  l)as bccl] dcsigycd  specifically for tl)c

Kcy  l)rojcctl  wit]] tfl)c  ])ur}msc of II)axill)isillg  tl]c  ])mhal)i]ity  of detecting a Ccpllcid  wit]]
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a  period  ill tl]e chosc]l window  of 1 (1 [N days. I t  fol lows a ]Jowcr-law  clistribution  in t,imc

wllicll al lows for a]] optilllull]  saln])li]]g  of the l ight  curve for Cepllcids  ill this ]miml

range al]d rcduccs  t)llc r i sk  of aliasd dctcctiol]s. No follow-u])  obsmwatiml  to allclior  tllc

lollg-period variables I]]mc accurately is ])lal)lld  for this galaxy. l“igurc  3 S}lows a plot!  of

tllc variallcc ill tllc cl]ose]] sall)])lil)g fro]]] all i d e a l  salnplillg as a fullctiol)  of pcricd, ‘1’lJc

]J]ot  is IIor]llaliscd  sue ] ]  tha t  ]olv va]ucs  illdicatc  ulliforl~) sall)])lillg  was acl)icvd  and IIigll

vallles  illdicatc  clulll]~il]g  and  rcdulldal]cics  ill tllc actual  salll])lil)g,

2.2. l)a{a lhxluctions

‘J’lIc 11 S’J’ data l]avc Lccl] calibrat  d usil)g tllc ])i]wlille ])roccssill~  at tllc Space ‘J’clcscopc

IIlstitlltc  (S’J’SCI).  ‘J’l]c fu l l  reduction  ])roc.cdurc,  give]] ill IIoltzlllall  ct a].  (]{j(j5a), consists

of: a correction of A/l) errors,  tllc  subtractiml  of a bias ICVC1  for cacll chip, tllc  sul.)tractiol]

of a su])ml)ias  fralnc, tl]c  suljtractio])  of a dark fralnc,  a corrcctiol]  for sltutter  sllaclillg, slid

a divjsioll  l~y a flat fidd.  ‘J’l)c IIal)lcs of tllc S’I’SCI  rcfcrcllcc files used  for this ca]ibrat, ion arc

listd ill Il]c l]otcs  {0 ‘1’ab]c 1. l“ll]tl]clII]o]c,  cacll of tl]c fralllm was corrcctd for viglldtillg

and  F;colllctrjcal  distortiol)s  ill tllc 11’1’1)(;2  o])tics  (usil]g  film kindly  p r o v i d e d  by l). Stctsol)

a]]d J. IIoltzll]all,  rcs]xwtivdy).  A II IOrC coIIlpldc  dcscri])tio])  of tllc calibration  s t eps  ca~l

I)c found  jll hill d al. (1996) and Stctso]]  d al, (1996).

1 loltmnan  ct al. (1995b) IIavc dcscribd  tllc  effect o] I ])l]c)tc)]]-]ct]j  of cllargc  trallsfcr

illcflicic]lcy  (C’J’1)  ill the l,ora]  WI’’I)C2 clli])s. ‘J’llc  ])rillcil)al efrect at very low light ICVC1  is

zi loss of scllsitlivity  froln  I>ottoll]  to top of each  cllil) a]llou]ltillg  to ().04 lnag for a star at

row 800 relat ive to al] cquivalcl]t  star at llyl)otllctical  IWJV ().

Sul)scquent  invest igat ions (Iloltzlilall,  private c[)llllllllllicatic)ll)  ]Iavc IIladc  usc of tllc

])reflasll  ca])abi]it,y  hui]t ill{,o \~~]’]’(;~ (I)ut  ]lot a user cc)IJJ]IJaIldal~lc  faci l i ty) .  l)rc-flasll
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i]}tc]isjt  jcs from 3tk– to 1 (XK)c- WHY addd to obscrvatio]ls  of stal)dad  stars ;I) w (kultauri,

a]Id a]mture  ])l]otol]lctry  was carrid out systclnatical]y  a s  a fullctioll  of ])rc-flasll lcvc] and

y-coordi]]atc.  ‘J)]](w obsm’atio]ls  (leIIIOIIstIatc(l t h a t  olxwvatiol]s  wit]] (k- I)ackgroulld

SI]OW a ( ) . 0 4  lnag ramp rclat,ivcto  30c- I)ackgroul)d  obscrvatio~)s  and tool-)scll’atiolls  at all

otl]cr l~rig;l)tcr  l~ackgmulld  ICVCIS.  11’or our ])ur]mscs, t h i s  co~lfillcs  tl)e C’]’] prol)lc]]] to tl]c

calil)ratiol]  obscrvatiolis  of IIoltzlnall  d a l .  a]ld i]]lp]ics t]lat 110 ra]ll]) corrcclioll js rcquirfd

for ally of our observations, where the background level is always greater tliali  70c- .

‘J’l]crc is a slnal]  difrcl~llcc  ill tl]c  lmlg- and sIIOI1-CIX1)OSLIIC” mm lwillts for tl]c  WII’1)C2,

derived fro]]] ])llotolnctry  of w (klltauri,  of tllc  order  of 0.05 IIlag;llitudcs  (Ilill  d al. 1 996),

WC usc tlIc  loI]g-exposure mm ]mintjs  ill this ])a]xv.

]Iot ])ixcls 110{ accou]]ted  for ill tllc  sul~lractiol]  of tllc da rk  fra]~lcs, or “sll])c]cla]l{s,”

arc fou]ld ]Iot to })rcsc]lt  substa]]tia]  })ml)le]Ils  to tlic  l)l]oto]l]ctry  ])rogra]]]s.  A filter w h i t ] ]

scrcm]s agai]]st  sl]arp  j)oi]lt,-like i]]tcnsitim,  SUCII as ]]ot ])ixcls, is i]]l})lc][lc]]tcd  ill tile  11’INI)

routi]lc  of I) AOI)l I()’J”  (Stctso  I] 1990). ‘J’his  filter will ]ikcwisc  guard agai]]st  lowI-val Lld

l)ad ])ixcls i]] tl]c  illlagc. IIadigrolllld  galaxies or otllcr cxtclldcd  ol~jects arc also filicrcxl

out, ‘I)IICSC ty]ms  ofol>jcct)s  unclcrgo  furtllcr  filtering  in sulmqumt  stq)s  o f  tl)c  ])lIotoIIIc!tIy.

l) O1’ll()’J)  (Sc.h[xk!r, IVlatco  and  Sal]a 1 993) also colltai]ls  rolltincw for dctcc.tic)ll  allcl

rClt-IOVal  of ]Iot pixels  and  filtering of IIoll-strllar  objects.



3. Photometry  and Cal ibra t ion

3.1. l’l]otometric  l{edudions

l)liOtOII)Ctry  of N(JC 3621 was ol)tail)cd  l)y two  groulM  illl])lcll]mltil)g  illdqwlldcllt

soft, wam ])aclmgcs; 1). M .It. .a]ld J .l{, h4, at h40u]lt S’t IoIIIlo ol)scrvat,ory,  Australia usil)p;

l) AO})llorl”  11/Al,lJ’l<Ah41;  (Stcts(m  1994)  a]l[l 1,.h4. h(l. aIId J . ] ) . ] ] .  at i]]c llfi]va]d-

Slllitl)sollial)  (hltcr for Astro])l)ysics, Callll)ridgc,  lJSA using  a vcrsio]l  o f  1)01’11()’J’

(Sclld]tcr,  h4atco  al)cl Salla  1993)  s]xxial]y  IIlodifid  to dca] ~vitll IIS’J)  WI’])(;2  d a t a  (Salla

c1 al. 1 W). l{;acl] p a c k a g e  ])crforll)s  ])l]oto]]l(It]y”  using  illdqwlldcv]t  tccll]liqucs,  a]ld a

coll)]mrisoll  of rcsu]ts  yields a fulldalllc]]tal  cllcck o]) IIIC validity of tllc ])llotc)ll-l[:tly.  ‘J’l]is

])rovidcs  a very lmwcrful  tool for dctcctil)g  tllc  prcsu]cc of systclllat  ic mu’s wllic]l  IIlig]ll

p;o ulldctcctcd  if oIIly O]IC ])ackagc  were  usd.

IIotli  })ac.kag;cs  IIIak(’ usc of a IJoillt,  S])rcad  l’ullctioll  (l) S1’), l)llt wllcmas l) AOl’llorJ” 11

usm a I) SII’ cmatd  froln  ilidqmldcllt  ilnag;es  of u])-crowded fidds,  1)01) 110’1’ cmlstructs a

1’S1” I)y fitting a functiol)  to tl)c  l~riglltcst  stars ill {Itc frall)e  Ix:illg  dud. 111 caclI c a s e ,

1’S1”s a])l)roprjatc  to tltc filter and clli])  of eacl] il]]agc arc used. ‘J’llc  l)sl”s Us(!d  for tjllc

Al,l,l’l{Ahll;  rcductiol]s  were II)adc usill~ illlagcs  of u])-cro}~’dcd  rcgiolls  of N(~(;  2419, a]ld

l’al 4 (hill d al. 1996),  wit]) tl]c  iln])licit  assuml)tiol)  that tile 1’S1” for a givcll f i l ter /cl l i ])

‘1’llc Al,l,l~l{Ah41;  rductioll  started  wit]l tllc  crcatioll of a  ])rclillli~lary  star l i s t

llsillg l) AOl’llorl”  11 al]d Al,l, SrJ’Al/  011 cac]l i~]lage. l) AOMAS’lllI;l{ \VdS t]lCll 11 S(?(1  to

dcr; vc coordinate tlallsfc)llllati[)lls  ljct~vccvl  cad] q)oc]i. AI, I, I’’I{A MI;  was tllcll ru]l 011

tl)is prclilninary  star list to obtain  ~]]orc accura te  plloiomdry  a]]d tIaIlsfolll]atic)lls.  ‘J)llis

illforlllatioll  was  usd to obtain  a dcc]) ilnage of h’(~(;  3(i21 , avcragill,g  tc)gctllcr  all the



iIIIag(x,  a]]d discarding brigl

fralllcs.  l) Aol’ll  OrJ” 11 was

wllic]l  was tl)m] used  by Al,’

lo-

t poilltls  wllic]l  d i d  not  a])])car  ill a sigl)ifical]t  fractlioll of tllc

J]ICC again  IISCC1 o]] this ilnagc io })rovidc tllc IIlastcr star l i d ,

,1’l{Ah41;  ill t]lc final ])]lotoll)ctric  rcductio]l  s t e p .

‘J’l]c 1 ) 0 1) 110’1”  rcductiol) stlartcd  I.)y COll)l)illillg  tllc  ])air of cx]murcs  of cad] of tllc

cm))ic-ray  s])lit 1“555W and 1’181 4 W  cpocl Is il)tlo si]]p;lr, Cmlllic-ray-frm illlagcs.  ‘I’l Icsc

illlagm  were c.o-acldcd  to create IIlastcr ilnagcs  for cacll filt cr. 1)01’  11()’J’  was tl]c]] m]] oIl

tllcsc  ill]agcs  to cmatc tllc lnastcr star l is ts ,  wl)icl) were  later  used  jll II]c ])llotolnctrjc

rductiol]  of cacll fralnc.

3.2. Calibration

‘1’llc calibration of pllotolnctry  for N(~(;  3621 was acllicvd  usjllg  tllc Illctl]od  outlillccl

j]] IIoltjzma]l  (1995b)  and IIill (1996).  Sl ight ly difl’crmit  II)ctl]ods  are clllploycd  for  both

tllc  1)01) 11() ’1’ and Al,l,l’llAMlt  pllotomdry. ‘I)l]c  gcllcral  cquatjo]ls  mrllicll collvmt  tllc

illstrulllclltal  magnitudes  jl]to tllc standard  systelll  arc:

v  = l’,5,55w  - ().0!52(V -  1) + 0.027(V  -  1)2 (1)

1 =- 1“81411’  -  O.OM(V -  1) + 0.02!5(17  1)2 (2)

1]] LIIC ])rcccdillg cquatiolls, tllc illstrulllulial  IIlagllitudcs  (1’’555W and 1“81414~)  IIavc

l.)ccIJ fully  calibratd  a]]d c.orrcc.tcd  for cx})os[lrc tilllc a]ld for cllal]gm  ill tllc gail] s t a t e  o f

tl]c  cmncra (tllc 11 S’1’ calibratjol)  lncasurmnults  were IIladc  wit]] tl]c  calllcra jll a .gai]l s tate

of 14, wllcmas  tl]c NGC 3621 obscrvatio]ls  were ]nadc j]] tllc gain  state of 7). ‘J’l]c gain

ratios  for cad] clli]~  arc listed ill ‘J’al)lc  A 1.



tl)c  ilistmll)cl)tlal  ]nafy]itudc  c a l c u l a t e d  fro]]) tl]c  Imt fil of tllc 1’S}”s  to a 0.5-arcsccolld

a]wrtlurc  II Ia,gIIitj UdCi ‘I’l Iis corrcctio II is obtai IIcd by co IIlpari IIg ])lloto]l]dric  II Iap;IIitudcs fo r

tlI( Ijrip;l)tcst  isolated slars ill tlI( field Of cacl]  cl]ip w’itl]i]]  a 0.5-arcscc.o]Id  radius calculated

usi]]g l) AO(Jl{OW  (SidsO]I  1 9 9 0 )  and  tl]c  c.()]][’s])c)]]cli]lg  Al, I,l’’l{AMlt  mag]litudcs  for

tliosc  stars.  ‘1’IIc apcrtuw  comxtio]]s  u s e d  arc ,giw:]l i]l ‘J’al)lc  A 1. A]] AI,l,I’l{AMI;  mu

])oi]ltl of 25 is subtracted frOI]] tl]c  rcsu]t. ‘J’llc  final cquatiol]s  for Al,l,l’liAh41;  ])lIotoII)dIy

arc prcsc])tcd  ill ‘J’al)lc  A 2 .

‘1’l]c calil)ratioli  o f  ])llotolnctry  fro])) l)ol’llorj”  follo~vcd  tllc  stq)s  dcscril)cd  ill Salla

d al .  (1996),  l(’irstl, tllc  illstlllll]clltjzil  fit IIlagllitll(les  of eat]]  fralllr  arc corrcdd for SI nal 1

lariatiolls  duc to ])osition  and trallsforltld  il]to il)strulllclltal  a]jcrturc IIlaglliiudes,  ‘J’llis

i s  acllicvcd  using c.cmrcctio]l  cocflicicllts  dcrivd by A. Sal)a fro]]) olmrvatimls  Of s t a r s  ill

tl]c 1 xx) 1 dwarf galaxy. N e x t ,  tl]c  i]]strul]lc]]ta]  aperture  ]]]ag]]itudcs  arc tra]]sfor]ncd  to

0.5-arcscc.oI]d  apdurc  ]]]a,ry]itudcs usi]]g cocfl’icic]]ts  ddcnl]i]]cd  by A, Sal]a fro][) a  l a r g e

SC( o f  field stars found  i]] tl]c NG(; 3621 ]])astcr  fralllcs.

‘] ’},l)jcti]  ~a]llcs fol t,]lc []ifrcrcllcc  l)ctlvcc]]  t,]]c A],],l’]{Ah  J]t a]ld 1)0} ’11() ’1’ II)agllitudcs  of

tl)c  brightest stars (77?},755Sl!/ <23.5, n~1181411J  < 22.5) arc of tl)c ordm of -0.01 ]I]ag ill I“555W

a]ld -{ ().05 ]]]ag i]] l“814\V (see l“igurm  4a-1)). ‘J’y])ica]  u]lccrtai]ltics  i]] tllc  ])lldmlllctry o f

stars i]] I,I)c  ra]]gc  of our Cc])l]cids  (23 < m},,~bb}l  < 26, 22,5 < 7/7}< 814117 < 24.5) amou]]t

to 0.04 l))ag in N’555W a]ld 0.06 )]lag i]] 1’814W for AI, I, II’I{AM1; a])d 0.11 lnag ill 1{’555W

a]ld (),09 IIlag ill I“814W for 1101’ 11()’J’.  Al,l,l’’li  AM l{; l)l]otoll)ctry  of tllc  fifty b r i g h t e s t

u] lcrowdcd  stars in each  chip  arc ])rcsmtcc]  ill ‘J’al)lcs  A 3-A(; for fut urc coll)]mrisolls  of our

])llotoll]ctry  wit]l oil IcI obscrvatio]]s  of N(;(; 3621 (;e])l)cids.
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4. Cepheicl  Scvard

4.1. AI, I, I’’1{AMI’I  Search

‘J’IIc scare}] for (;cpl)cid  variables ol~tailld  fro]]) tl]c Al,1 ,l’ll A Nl 1~, ])lloto]netry  was

acllicvd  ill thrcm main s t eps . ‘J’llc  first  step was a siln])lc  siglna-based classificaiioll  of all

ol)jccts as either variab]c or IIol]-vdrial)lc. Ally star wit]] a sillglc ]mint  IIlorc tl)all 1.50  frolll

tllc II ICaII magnitude  was sclcctcd as a possil)le  varialj]e  star, ‘J’llis  IIldllod  dots  IIot scrcm

agaillstl  cosll)ic  ray IIits,  but dots  ])rovidc  a list of stars wllic]] am likely  to be variable.

‘1’llis  l i s t  of stars w a s  thml prcscvltd  to  a pIqyaIII based  0]1 a ])llasc dis]msiml

IIlillill)isatio])  (I)lllvl)  teclllliquc (Stcllillgwmf 1978). ‘J’l]c algoritll~n  s e e k s  to ll]illilllisc  tllc

dispcrsiol)  of tllc  ligl]t cmrvc at a constant  ])l]asc, relat ive to a Inca]) curve.  ‘J’llc  II)illilllull]

ill dis]xmiml  will gcl]crally  be lowm for a true Cq)l]cid variable tl)all for otllcr sources of

varial)ilitly  sucl) as stars wit]l IIlulti])lc  cos]nic  ray IIits. A cut-off of tlic dis]msiml, 0, of

( ) .9  JVaS il)]])l(:ll-lclltc:cl.  ll]lccrtailltim  ill tl)c  ]x!riods  were  calculatd by IIlallually  cl)cckill{~

tl]c pl]asil)g  of brackctillg  periods. ‘J)hc ligl)t cwrvcs })roduccd  by tl]c 1’1 )h! l)mgralll  were

fu l’tl  I cl’ wccdcd out by c-ye, to ])jck out, all calld;  dates  likely  to  I)c (;q)llcids.

4.2. 1)01’IIOT Seard]

‘1’l)c scarcll  for Cc])llcid  variables ol~tailld  frOIII tllc 1)01’11 () ’J’ ])l]ot  OII-ICtIy started

wit])  a IJasic X2 variability statistic (dcscribcd  ill Salla  & IIomsd  1 990), which flag;s  all

ol)jccts wit]) ~ ~ > ] .75 as variable.  l]eriods for all varial)]c  ol)jccts l~crc calculatd using  tllc

A-statistic dcvclopcd by l,aflm & Kinmall (1 965), with  u~lccrtailltim gi~c]l by tllc variation

of A wit]] trial period.  objects  ~vitll A > 3 ~vcrc sclcctcd fc)r visual cxallli~]atio~l  of tl]cir

fol(led lig;lltcurvm  to idultify  tile  Cq)llcid  cal]didatcs  al)d to rclnol’e  data ]millts  aff’cctcd  b y

cosl)lic. rays.
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4,3. Mean Magnitudes

‘j’wo II IC(]IOdS arc USC(] to ol){ai]]  ]IIcaIl  ]IIag,IIitudcs for (!ac]] of t]lc  (;q)]icids,  a s  a

cIOss-cl]cck oll tl]c  validity of cad) IIlagl)itudc. ‘1’l)c first  o]lc i s  aJI illtcllsity-a~[:rzigccl

IIlap;  llitll(lc,

(3)

wlli]e tllc’ scxol Id onc  is a l)llaselvcigl  lt,e(] II)agl)itll(](:,

71?  = - 2.510g1c) j 0.5X (~,i.11  -

di- 1 ) X ]()-(’4X7’, , (4)
t, ]

}*’11(:1’C  IV i s  tllc total Ill]ll)bcl’  of C:])oclls  al)d ??li ?llld ~~i are tllC IIlagllitudc  and p]lasc  of

11]( i-t]) C]) OCII, ill order of illc.rcasil)g ])llasc. 11] tllc  case  of tllc  c.oslllic-ray  s])lit ])airs o f

[)l)scll’z~tiolls,  tllc two  IIlagllitudcs  w e r e  wciglltul  I.)y tl)(: illvcrsc  square  of tile  ul)cmtaillty

ill tll(~il  ])l]otoI]]ctry. ‘J’l)is  greatly ducm colltal)lil)atioll  duc to coslllic  rays and spu r ious

IIlag]litlu(lc  cxtimatm. III ])radicx, obv ious  C.oslnic ray  IIits WCrC rcIIIc)vd  froln  tlIc  da ta ,

tll(ir })resCIIc[:  l)cillg idclltifial)l(:  by a lnajor  ill(r(asc  ill illtcllsity for olIC of tlIe  coslnic-ray

sl)]it,  fralll(w alId a ]argy  ullcdail)ty  ill tl)(: resulting  ])1 IotolnetIy.

l)llasd light  mrvcs  tlllat  arc molly salllplcd  y i e l d  illtcllsity-a~~clagccl  and l)hasc-

wciglltcd  II]agllit,udcs  tl]at coillc.idr  closc]y. llo~vci~cr, JVIIC1l tl]c salll])lillg  is  IIot ul)iforlll

tllc ])llasc-l\’cigl  ltccl average provides a l]]orc accurafc clctcllllillatio]l. ‘J’y])ical difrcrcllccs

Iwtwccl]  tfllc two ]nctl)ods  arc of tlic  ordm a few l)u]lddtl]s  of a magnitude.  ‘1’llis  dots  I]ot

significantly  iln])act, t]]c distance I]lodu Ius, a rcs~llt  If’llicll  is consistent,  wit,]] pm~~ious  ])a])crs

ill this scrim (Kclso]) d a l .  1996, l“crrarcsc  d a l .  1996 and Sillmlllallll  d al, 199(;).

only four e])oc.]ls of dafa l)avc becvl take]]  for the l-1.)a]]d l)llotolllctry.  ‘1’llis  gives rise  t,o

1111(1(’1-still)l)lillg;  of tlIC light  curvm and decreases tl)c l)rwisiol)  of l)otll IIletl Iods of al’wagillg.

OI)C way to colnpcl)sat,c  for tl]is is to II)akc usc of tllc (()]]cs])o]I(I(I]Icc:  Wwccm V a]ld 1
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light curves for (;c])hcids,  as discussed by 11’rdIIIaII  (1 988). ‘1’llis  takes advalltagg  of tlIc

fact, that, as a first  a])])loxil])atioll,  ol)c light  curve call I)c ltla])])cd ol]to the otl]er by sil]l])lc

IIul]lcrical  scaling. ‘1’l]c ratio of V to 1 allll)litudc  is fou]]d to lx 1:0.51. llsillg this resul t ,

wc CaII ]I)ake an csti]natc  d tlIc  corrcctio]]  to ilIc  a v e r a g e  1 ]I]agl]itudc  tlIat is rcq[lircd lIy

tlIc llllclcl-salll])lillg. ‘J’llis  is achicvd  by ca lcu la t ing  tllc difrcrcllcc  l)etwccll  tllc V-l)a]ld

avcl’ag(’ f o r  a l l  cpoc]ls  and for j u s t  tl]osc  c]mclls  with  lmtll  V and  l-lmIId  olmrvaticms.

‘1’llis  result, is rcscald by t}]c 1:0.51 alll])litude  ratio aI]d suItl]I]cd to tl)c  lncan 1 ]Ilagllitudc.

‘1’l]c comxtiol]  i s  calc~llatd  using  bot,ll  ]IIctlIods  of avcragilig and  i t  allloul]ts  to 110 IIlolc

tllal] + ().1 lna,gllitudcs,  with all avmagc of a])])loxilllatcly  0.04 ]Ilagllit,udcs.  ‘J)llis  ]) IOCCCIUIC

lIas bcc]l used i]] ])rcvious  palms i]] tl]is series.

4.4. ‘1’he Cepheids  }{’ouncl  in NGC 3621

‘I)]IC Al,l,l’l{Ahll’;  and  1)01’ 11()’J’  varial)lc  scarcl)cs  ])roduccd  a total o f  sixty-~lille

(;c])llcicls  (idmltlificd as (;01-(;69)  al)d o]]C l’o])ulatiol]  11 Cq)llcid  (idclltificd  a s  WO1 ) .

‘1’al~le 2 l is ts ,  for  cad of t h e s e  stars, tllc  i{lfl]tificatioll  IlulI]l)cr,  tl]c  cl]il)  ill wllicll ii is

fou])d,  tl]c  Al,l,l’l{Ah  Il; period, the J2000.O coordi]latcs, tllc  AI,l,l’’li  Ah1l]  l>llasc-~~’cigl]tc(l

ll]agllitudcs  fo r  tllc  V al]d 1 bands,  al]d coll]lnm]is  011 tlic  variab]c. ‘1’llc c.ollll]lcllts dcscribc

tllc  ilrlagc  quality, sampli]]g  of tllc  light  curve and a]l)])litudc  of tlIe variability, and i]ldicatc

tlIc ]) ICSCIICC of otlIc I inqylaritics  SUCII  as l]igl]  sky gradimlts  a]ld cos]]]ic rays nits. ‘1’l]is

classification]) systc]Il  was applid  u]]iforlnly  across Lllc clltirc sa]])l)lc of (;c])llcids  to acliievc

a  rigorcms  al]d ccmsistcllt  (Ictcl’lllil);itic)ll  of  illc  IIigll-qualit,y  varial~lm used  in tllc fil]al  f i t

t o  tl)c l’cli[)(l-ljlllllillosity  fullctioll. A total of 24 Ccpllcids  were sclcctd bad OTI this

cl fissificatioll.

Wlli]c  Al,l,l’1/Ahllt  pllotoll)ctry  is availal>]c  for all candidates,  l)o1’JI()’l)  l)llotoI]]ctIy

does ]]01 exist for tllrcc of tl]e  stars: C07 (wllicll was too close to tllc  border of tl)c  clli]~,
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ill al I arm ]IOt) scaIclId by l)ol’ll  O’J1),  (;34 (]ocatcd  i]) a v e r y  cmwdcd rcgioIl),  and C46

(also  ]ocatcd in a v e r y  crowded  rcgioII  ). A  collll,arisoll  of ~~- aIId ~-l~anc]  l~]lasc-)$(’ip;]lt((]

]I]ag]]itllldcs  dcier]]]i]]d  by cacl I rcclllctio]l SCIICVIIC  (1’’igurc  5) SIIOWTS  .3pyCIIICIIt at, t]IC

0.2 IIlag level for ]IIost varial)lcs. A  com]JaIisoII  of ])miod  clctcllllil)atic)l)s  by tlIc  StcllinF;wmf

alId IJaflcr-l(illlnal]  mctlIods  (1{’igurc  6) SIIOWS a,fI;  rwIIIcIIt  at t,l Ic 1 5(% ICVCI for all Cq)]lcids.

‘J’lIc (;cpllcids  arc idcl)tifid  ill tlIc  field of cacll of tl)c \4rl~l’C2 clli])s ill IJigures  7 a - d

Ilsil]F;  c i r c les  m’llic]]  am II UIIII)CNY1 fo]]o~l’illg;  t,]Ic  coll]~cllt,iol]  give]] ill ‘J’al)]c 2, ]“illdillg C] IaIt,S

for cacl]  of tllc  stars am dis])layd i]] I’igurm  8a-1. l{;aClI  of the charts  cncompassm  a 5(I }.Iy

50 ])ixc]  scglllcnt  of tl]c  clli]), ‘J’l Ic Al,l,l’l{Ah41J  V- a]]d l-1.mIId light  CIIIWS arc ])rcscIItcd  in

l~iguws  9a-1,  a]ld t,hc data used  to gm]cratc tllcsc curvm is ]Jrcsc]]td  iIl i]] ‘1’ablcs  A7 a]ld

A(3. l’ip;urc  10 SIIOWS  the locatio]]  of all Cc])llcids  ill a c[)lc)]-]]]agl~it~][l[: diagra]n  of NGC 3621

St, a] ’s, IIascd on this CM]), oIIc of tl)c  IIigl)-qua]ity  variab]cs ((;08)  was  rcIIIovd froln  tlIe

sal~ll)lc due to its uIIusually  d (V - 1 = 2 .03  3 0 .06)  color. ‘J’llisrcsultd  in a c.llallgcof

- 0 . 0 4  IIlagalld  -i O,O1 lnagil] tl]c V- and  l-l)alld  (listallccl  llc)clllli,l  cs])ccti~cly,fc)l  l>oth  tlIc

Al,l,l’ll  AN41;a11cl 1)01) 11() ’1’ data sets,
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5.2. R e s u l t s

‘JIIIC ]jroccdurc  dcscrilxd  iII tlIc prNXXliIIg subscctio]l  lvas c a r r i e d  out and l“- al)d

l-lm]]d  a])]mmlt  distal)cc modu]i  r e l a t i v e  to tllc  l,h4C w e r e  dctcr]l]il)d,  with values  of

11.16 ~ 0.10 ]Ilag and 10.97:1 0.06 ]]lag for tllc  Al,l,l’l{Ah4}+;  data,  and  11.11 3 0,10 lnag

and 10.884 0.07 ]lla~ for tl]c  l)ol’llo’J)  data, ‘1’l]c quoted  ullccrtailltim  reflect only tile  r]lls

dis]msiol]  of tl)c  A1(; C3621  1)-1, rclaiiolls.

(~ivcll  tl]csc  rcsu]ts  a~ld assulllillg  I;(V - l)l,Mc  =  0 . 0 8  IIlag, tlIc  IIlcall rcddcliillg

va lues  arc 0.27 4 0,05 IIlag and  0,31 ~ 0.05 IIlag for tl]c  Al,l,l~l/Ahdl{;  and l)ol)ll  O’J) data,

rcs]xctivc]y.  ‘J’llcscratl]m  lligll values  of color  mcms arc collsistcllt  w i t h  tllc: colll])alati}’(:1~~

l o w  slllfaccl.)rigl)tllcss  of tl~c rcgioll of NGC3621  ol.mmd Ly IIS’J’  (SCC h’igwre  1).  ‘J’]]c

u]lrcddc]lcd  distance ]nodu]i  rc]ativc  to the l,hl(; arc 10.70 i 0.07 IIlag a~ld 10.56 i 0.09 ]]lag

for tllc Al,l,l’1/Ah41t  and l)o1)ll()’J’  da ta ,  rcs]m.tivcl-y.

‘J’IWC distance modu]i of 29 .204  0,18 II]ag and  29.0(; :1 0.18 mag for tllc Al,l,h’llAhl  l’;

and  1)01’ 110’1” data,  rcs]xdivcly, arc oljtaillcd by assulllill?; ~lo,I,klc  =- 18.50 4 0 . 1 0  IIlag; .

‘1’llcsc alcccllli~~ale~~ttc)  dis tances of(i.9 +0.7 Nll)c a]ld 6.5:1 0.7 hfl])c.  A full dcscri~)tioll  of

tllcdif~cmnt  cc)lltril>lltiollsto  tllellllccltaillticsis  prcsmlicd ill ‘J’al)lc  3 .

l“igurcsl]  and 12sllom’tllcl~-  and l-l.) all(l])cli[)[l-lllll  lillosityl  clati()lls[)f  tllcN(~(~362l

(;c])llcids.  1“01 colnparisoll  witl) l’;quatiolls  (5) and  (6),  tllc  N(; C3621  })cli[)[l-llllllillosity

rclatio]ls l)ascd  011 Al,l, }’’l/Ah4l;  results arc:

ln~l = - 2.7(;  (1[)/;1’((1)-  1.()-I 25.73

1[1] ~ - 3.06 (logI; }’(d)-  1,0)-1 24 .70 ,

(7)

(,8)
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5.3. IIiscussion

‘J’l IIm lwtmltial  c a u s e s  for cm]cml  are tl]c  cf[cct  of Illagllitudc  sclcctlioll  dlcds  for

tllc  fail)tcr Ccp]lcids,  variatimls  fro]]) clli])  to clli]), wld  dif~cmlccs  brtwcm the two sds o f

l’csultjs  for Cacll IIldllo[l  of ])llot’olll  (!tjl’y.”

])ue to tl]c  intril)sic  width  of tlic  1’-1, relation and  tllc lilllitillg  magnitude of tl]c  salll])lc,

we ddcct only  t,l)c brig; lltcxt  of tllc sllort-])miod  variahlm,  giving  r ise to a lo>t’m a])])amlil

distallcc  lllodulus  for shorter ]miods. ‘J’l]e distmlcc ]nodulus  illcmascs  a s  tl]c  lower  lill]it

ill tllc  lmiocl is raised, lcvcllillg  ofl’ as it a])pmacllm  18  days . ‘J’l)is  varialio]l  ill distance

l]lodulus  is of tllc order of 0.04 IIla.gllitudcs. IIy ilnl)osillg  a lower  lilllit  olI tlIe ]miod of 18

(lays,  m’e Cllsurc! tl)at our sallll)lc  is as lc])lcs(:lltatil’e  as }mssil)]c.

\/~~ia])i]it,y  i], ]]l~as(l~~]]]~])t,s  a~]oss  t,]]~ follr C]li])s of t,]l~ W]{’]’C;2  ilistrulllmlt Inay

give rise to systcu])atic  diffmwlcm  ill tl)e distallcc lno[luli  dmivccl fro]]) racll cllil), ‘J’llis

v~lia~)i]itly COI1](]  al.if+~  flol)-l a  IIllll]ljcl’  of ])c)ssil)]c  SOUI’CCS , including  v a r i a t i o n s  ill tlIc s k y

\7a111r (])articularly ill rcgiolls  wit]] scvcrc  c r o w d i n g ) . A]lotl)cr  area for col]ccr]] is tllc

II IaIIIICI ill wllic.11 illc ze ro  poil]tjs l]avc l)CC]I derivd, wllic]l assul IIcs {Iat-ficldil),e,  IIas  takclI

into a c c o u n t  any inhcmllt, difl’mences froln c.lli]) to clli]l, ‘J’llcsc ])1’0})ICI13S  al’c tcstd  for l.)y

ol)taillil]g  distance lnoduli  for cad) clli]),  wllic.11 am ill agrccmcllt,  witllil)  tllcir  e r ro rs .  ‘l’llus,

varial)ilitly  froln  clli])  to c}li])  is IJOtj a ])roblml.

‘1’llccolll])alisc)llsof  Al,l,l’liAh41;all(l  l)o1’ll()’J)  IIlagllitllclcsall(l  ]mrids  ])rcsmltcd  ill

])rcvious  sdiolls  illdicatc  that  tile t w o  d a t a  sets  arc ill good agrccl]lcl]t.  ‘J’llc  a])])arcllt

distallcc  IIloduli  for tllc  1~- and  I-lMIIC1  1)-1,  r e l a t ions  prcsmltcd al.mvc am also cmsistmll

witllill  tllcir mom, indicating  1]0 si,gllificallt  dif~crcllccs Imt)wccll t’llc  two IIlct’llods  o f

] )1 Iotol 11 dry.



6. Conclusions

We IIavc discovmcd  a iota] of 69 (kl)llcid  stars ill tl)c Sc field s])iral galaxy N(JC 3 6 2 1 .

WC IIavf  fitted staI)dard  1~- a~id l-l)aIld ]Jcric)cl-l[llllillosiiy  rc]atiolls to tl]c  Cc])llcids  w i t h

IIigl)-qualiiy  l ight  curves aIId  periods  lo IIf;cI tlIaII 18 d a y s  aIId  ol)tail)cd  true distal]cc lnoduli

of 29,20 4 0.18 and 29.06 3 0.18 magnitudes  fro]]] tl)c  Al,l,l’l{Ahll  J a])d 1)01) 11() ’1) da ta ,

rcs]wctivc]y.  ‘J’l)(:scco]rcs]JoIl(l to(lista1)ccsc)f6.f):l  0.7a11d 6.54  0 , 7  Mpc.  Meal) rddcnillgs

~~r~l.~ []~~{ll~~d  froll-1 t])~ a])~)al.(:llt, \/. aIId  ~-l)a]]({  llqod~l]j  Ilsjl)g a  stall dald rcddcllillg CLITVC1

aIId  tlI(~.y  all]ou]lt  h I(; ( l’- 1) = 0 . 2 7  4 0,05 aIId  ().31 4 0 . 0 5  lnagllitudcs.  ‘1’IIcw i s  g o o d

ag;rwIII(:IIt, withil)  the ll~lccrtail)tics,  I)rtwccl)  tllc  Al,l,l{’lt Ah~lt  and 1)01) 110’1” r e su l t s .

Witl]l  all illclil)atioll  allglc  o f  6 0 ° , NGC 3621 is all CXCCIIC]lI  calibrator for tile

‘] ’ll]ly-l~isllcr  relatio]], but i s  l]oi so edge-o]] tllal  cxtinctioll  and collfusiol]  ])OSC l)ro})lclns

for discovery aIId ])lIoioIIIdry  of Ccpllcids. l’igurc 13 SIIOWS tl]clocatio~t  of N(; C 3621 ill

{llc  ‘J’ully-l’’isllcr  diagraln  for galaxies wit]] ac.curate Cc])]lcid distallccs, ‘J’l]e data usd to

g(llclatctl lisfig[lleisli  stcclill  ‘1’ablc4. ‘J’llelcast-sc]  llalcsfit totllcclata  ]Joi]]tsill  l“igurc  13

is (Mould ct al. 199 G):

]]. IM.~,s~ - 21 .3 -  ll(~ogAV(0)z[,  - 2.5), (9)

m’l]crc L31~(0)p0 is tl}c 21-011 ])rofilc width  a]ld llH&J is  a  IIlcasurc  o f  tlic illfrard flux,.

‘J’l]c qlldl]titics  am fu l ly  dcfi]ld  ill tile  origilla]  rdcrcllc.cs. ‘IIIIC illtcrccptj  ill this reg;rcssiml

i s  0 .07  ~~lag a]]d 0.28 ]]]ag l~riglltcr  than those obtailld  rcs])cctivcly by AaroIlsoll  et al .

(1980)  iil)cll’’lcccllllall(  l!l{lO).  'J1llcregl(ssi[  )llisil  )clistillgLlisllal)  lc]titllilltll c:cllc]lsflolll  tllc

c.alibratioll  obtail)cxl wllcl]  17 \~irgo  galaxies arc ]Jlaccd at tllc distallcc  of IVl] 00 and addd

to tl]c  calil)ratiol]  (h~ould  d a l .  1995).
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l’;lllil(jl]lllcllt  dc])clldcllcc  of tl)c ‘1’1111~~-l’’isllc:l  rclatiol]  is all illlportal)t  issue  for tllc

cxtragalactjic distal)cc scale, as tllc l]]ost llcar]y  11111-)iasd  II)casurcll]cllt  o f  dis(allccs ill tllc

fl((lll l}.)l~lccx] )allsi[)]l  at 104 k i l l / s c c i s f [ ) ~ g a l a x y  clllstcrs  (AaIoIIsoII  & N40uIc1  1986). ‘J)his

1 1  S’1’ Kcy  ]’mjcct will bc ab]c  to add II]alIy IIlorega]axics  to tllc  ‘J)lllly-l’’isl)  cl[liagraltl  to

test tl)c  idclltitvofficld  aI]d clustm ‘I’1lll~~-l’’isl  )el]clatic)lls.
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‘l’able Captions

‘1’a])]c ] :  ]Jogof 11s’1’ \3~lJ1’c201)sc!J’\~at,ioIlsofN(:c3G21. Allolxscrvat,iwls  c.u]lprisctwo

uxs]l]ic-ray split pairs cxccpt fOr tlIc cpOclI  011  JalIua Iy 4111. ‘I’lle Julidl)  l)atlc  c{uotcxl istlllat

of t(llc Stla.l’t!  of 1)1 IC fil’sl, C! X]) OSU1’C.

‘1’~jJ]c2:  ‘1’]]~\aljalJl(:sfollIl(l  ill NGC3621. ‘1’lIc c.olu IIIIIs ]Jroviclc  tlllc  followi I]g iIlforIlldjioIl:

( 1 )  tlllc idalti(icatim], (2)  tl,e cl)i~,, (3)  tl,c pcricd, (4)  a*Id (5) tl]c  rigl)t,  asce*,siol]  w,d

dcc.lillat,ioll  ill (J2000.0),  (C) aIId ( 7 )  tllc plIMeavcragcxl AI,l,lI’lLAM1!  V -  aIId  l-lm]d

]]]agI]it,u(lcs, aIId  (8)  tll IC dcscripiio]) of caclI of t,llc Ccpllcids using  t,llc li~~ given iIl tjllc IIot)cs

10 tlllcrl’d)lc.

‘]’al~](.;]:  ‘1’]lc(]i[[mmll,  c()llt,lil)~lt,iO llstOtl llcerlO1l)Ll  (lgctOftll  lc(list aIlccIllO(ll  lllls0f

N(.; (.~ 3621.



‘1’A131,11;  1

011s. l)ak

27/12/94
27/12/94
04/01/95
04/01/95
04/01/95
15/01/95
17/01/95
20/01/95
2?4/01/95
24/01/95
24/01/95
28/01/95
28/01/95
01/02?/95
06/02/95
12/02/95
12/02/95
18/02/95
?5/02/95

—

],OG 01: OBSF:}{VA’J’IONS

MJJ) I’;XJ). ‘J’illle (s) l’iltcr

49713.857 {)()()  .} 900” I“555W
49713.915 ()()()+. goon I%14M’
497y~770 ()()0 1555\v
49721.830 :)()()+ 90(J I“$14W
4~7’2]~<]7 {)()()  + $)()() l“439i’t’
4(]73~~9] {]()()+ {)()() 1“5551’V
49734.969 {)00 .+ {)()() 1“555W
49737.{)18 goon .{ :)()() I’)555W’
49741,670 900-1 900 1“55514’
49741.734 goo+” f)rj(J 1“814W
49741.801 goon .1 go(j I“439\’v
49745.493 ()()()+ {)()()+ ]~() )“55514’
49745.559 180 J’814W
4974{).579 800+  800 l“555\’v
49754.739 800+  800 l“555i’v
4(1760,G41 m-l 800 1’5551’V
4!)760.700 {)()()  + ()()() 1“81411’
497(j~,~77 800-1 800 J>555\’v
4(1773.176 ()()()+ goon 1’55514’

~O,I~;u ‘J’IIc following Icfcwllcc files WCK used in tlic calil)ratic)]l of tl]csc cxljosurcs,  l’ilc Ilaltics
follow the convent ions  adopkd k)y the Sl)acc ‘Iklescopc  Scicmcc lnstitutc. ‘J’lIc file was used for
all fil(crs u~llcss i]ldicatd otllcrwise.  NIAS1<l’II, I; = c21 12084u,rOl];  Arl’O1)l’ll,lJ  = clllu1405iu.  rl ]];
lIIAS1’lI,lI;= c6110347u.r211(27/12/94-20/l  /!)5)allclfljlGl[)tL].r211(24/l/{15  -25/02/95);l)Alll<-
l~ll,lt= cljl11547cJt].r31t(27/12/95),f1512251}\~.31)  (04/01/95-17/01/95),fJi1004iu.r311 (20/01/95),
fIk14591]u.r31]  (24/01/95- 01/02/{15),f220!J23]~l~l.r311  (06/02/95- 12/02/95), allclf21111352tl.r3]~
(18/02/95 - 25/02/95); I’l/A’Jl)ll/lt  = c380935cu.r411  (lr555W),  c3809341u.r41]  (1’439W) and
c391434fu.r411  (lr814W);  SIIAI)lPI1,I}  =  c371355cu.  r511 (sl)ut(cr  A ) ,  e371355iu,r511  (slluttcr  11),
dc])c]ldillg o]) l,l)c s h u t t e r  usd at tl)c start o f  tl]c cx])osurc;  G1{A1’11’J’A}l  = c$2101{)0111 .tI1lg;
[~ON1l’’J’All  = cai13411J]]l.t]nc

6!5



l’miod
(days)

60.00
45.50
44.65
40,:)0

40.70
39.00
38.35
37,70
34.50
34.00
32.70
32.00
31.65
31,55
31.45
31.15
28.35
27.75
27.70
26.40
26.25
26.20
25,60
25.40
25.30
24.70
24.50
24.40
24.40
23.80
23.75
23.45
23.30
23.10
22.75
22.65
22.15
21.45
21.’20

‘J’AIII,  I; 2

Ch:l’11111)  (; AN]) II) AI1;s

1{.A. lkc,
(J2000.0)”

11:18 :21.6
11:18:140
11:18 :16.6
11:18 :22.4
11:18 :19.5
ll:18:l[i.3
11:18 :22.5
11:18 :18.3
11:18 .19.7
11:18 :16.8
11:18 :16.0
11:18 :18.8
11:18 :17.1
11:18 :21.4
11:18 :20.5
11:18 :18.2
11:18 :19,0
11:18 :19.8
11:18 :16.1
11:18 :22.3
11:18 :18,3
11:18 :20.1
11:18 :19.6
11:18 :23.5
11:18 :24.4
11:18 :19.0
11:18:17.3

1:18:17.3
1:1s:18.2
1:18:15.5
1:18:21.3
1:18:19.4
1:18:20.3

11:18 :16.1
11:18 :18.3
11:18 :14,7
11:18 :21,4
11:18 :19,7
11:18 :20.0

- 32:50:19.2
- 32:50:58.8
- 32:50:09.3
- 32:51:05.8
- 32:49:51.2
- 32:50:47.7
32:50 :49.4
- 32:50:24.5
- 32:50:02.4
32:50 :31.4

32:50 :50.5
32:50 :l(i.5
- 32:50:12.7
- 32:49:32.7
- 32:50:07.1
32:50:36.()
- 32:50:36.3
-32:50:20.8”
- 32:51:34.8
- 32:50:30.9
- 32:50:40.2
- 32:49:55.0
- 32:49:38.8
- 32:51:44.2
- 32:49:53.9
32:51:38.()
- 32:50:43.5
- 32:51:12.8
- 32:50:39.9
- 32:51:44.8
32:49 :U3.9
- 32:50:35.2
32:4<1:40.  ()
32:51 :2!6.2
- 32:50:26.0
- 32:51:03.8
- 32:50:18.3
32:50 :10.8
- 32:50:16.1

\/

23.52
23,88
24.38
23.81
24.78
24.82
23.57
24,9(3

24.0!)
24.0{)
25.94
25,23
24.3!1
23.28
25.20
24.50
23.89
25.30
23,99
24.78
24.ISl
24.14
25.23
24 .Ttl
25.30
24.77
24.60
24,26
25.21
25.54
24 .(i3
24,11
25,96
24.80
24.77
24.79
24.92
24.08
24.70

1

22,61
22.75
22.<17
22.86
23.40
23.53
22.76
22.{)5
23.11
22,99
24.66
23.74
23,28
22.76
23.52
23.28
22.84
24.11
22.91
23.71
23.(54
23.18
23.8$1
23.23
24.14
23.76
23.55
23.07
23.89
24.14
23.31
23.26
24.07
23.80
23.60
23.74
23,65
23,30
23.75
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l’cried
(clays)

20.05”
20.70
19.90
19.90
]920
18.80
8.70
8.45
8.40
8.2(I
8.00
7.8(I

17,75
17.45
17,35
17.05
16.50
6.25
6.20
6.15
4.75
390

3,80
13.00
12,20
12.10
11.90
11.45
<],95
9,40

73,$)

‘J’A}\I,lI;  2 C’[}T/tinv(d

li.A. I) Cc.
LJ20()().())

11:18 :18.7 - 32:51:25.2
11 :18:14.5 :{2:51 :10.7
11:18 :21.6 32:49 :46.7
11:18 :20.6 - 32:50:01.2
11:18 :18.9 - 32:51:08.3
11:18 :20, (I 32:4( 1:48.5

1:18:23.7 32:50 :52.7
1:18:1s.0 - 32:50:51.0
1:18:18,1 - 32:51:11.5
1:18:19.8 - 32:50:15.6
1:18:20,3 - 32:50:15.4
1:18:17.6 - 32:50:14.3

11:18 :23.6 - 32:51:47.3
11:18 :16.3 - 32:51:26,4
11:18 :20.7 - 32:49:59,7
11:18 :16.6 - 32:51:00,9
11:18 :23.2 - 32:50:34.7

1:18:18.2 32:50 :1?.5
1:18:19.5 - 32:49:56.6
1:18:20.2 - 32:50:10.9
1:18:16.1 - 32:50:20.2
1:18:18.2 - 32:51:05.7
1:18:18,0 - 32:50:35.5

11 :18:20.5
11:18 :19,3
11:18 :17.2
11:18:184
11:18 :17.4
11:18 :19.5
11:18 :21,3

11:1!S:17.4

3’2:51  :43,2
32:50 :4!2.8
32:51 :09.6
32:50 :37.5
32:50 :32.6
32:50 ;29.3
32:51 :4(3.7

32:50 :29.3

24 ,<)7
24,37
25,16
23.86
24.78
24.43
24.42
24.37
25.18
25.23
25.22
25.01
24.49
24.79
24.63
25.28
25.06
25.17
25.24
25,3(I
24.81
25,04
25.61
25.12
25.11
2!5.1{)
25.57
25.28
25.21
2[).49

25.85

I

23.71
23.44
23.87
23.05
23.80
23.04
23.13
23.54
23.98
24.11
24.09
23.82
23.75
24.03
23.98
24.35
24.14
24.18
24.12
24.43
23.63
24.14
24.44
24,29
24,38
24.06
24.23
24.15
24.41
24.78

24.86

Colllll”lc]lts

al\Cd

‘J’]Ic  key to the codc usd to dcscril)e each  (kl)llcid is: (A)  ~t,cll-defi~)d ligjhtcurvc, (a)  ]CSS

\Ycll-clefiIId liglltcurvcj  (11) V-bal)d ]Jcak-tc)-])cak  ligl]tcurvc  alll],litude  o f  0 , 7 5  ]nag or greater,  (C)
isolatd star, ( 1 ) )  ~Ioorly sa]ll])ld ligl}tcurvc,  (l;)  lc)]~’-a]t]])lit(](lc lightcurvc,  (1’) cro~vcled fic]d, (1’lr)
vcly crowded field, (1) bad i]l]agc clcfec t,, (d) affect ccl Ijy coslllic rays, (f) co],fusic,l, i], tllc  wi,,gs, (fI’)
I)ad co]] fusion ill i,lIe ~yi]lgs,  (i) ]Ili]lor i]tlagc defect, (s) large sky gradic]lt. (*) indicates that tllc
(k])lleid  was incor])oratcd  into  the fiIIal saltl])lc.
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‘J’Al\I,lI; 3
1’:}{  }{0}{ lIU1)GI:’J’

source  of llllcm’taillty Va]uc (mag) \~aluc (Inag)

]-})ancl 1’-1, ldation scatter 0.05
1~-l)alld ]’-], rclatioll  scatter 0.08

_ I;(\’ - 1) 0.05
lJnrddcnd  1’-1, re]atio]l ().07
l’lIoto]IIctry errors (). 09
l)istanm modu]us 0.11
lJMC dista]lce  II IOCIUIUS 0 .10

N!dal]icity  cflcc( 0.10
~’otal error hudgei 0.18

NoqE.  -  ‘J’]Ic  ullccrt,aillties  ill l,]le ]-l)alld  1’-1, rclatioll  and
tlic rcx]dcming valucj l;(l~ - 1), arc added ill quadrature to ol)-
taill  tl]c ullcertai))ty  o f  tl)e ul)rddmcd  1’-1, relation.  ‘J’llis  i s
i]] tr]r]l  coi]ll)ii]ed }vitl]  tl]c ]Ilaximu]ll ])ossil)le  error duc to the
])l]ot,o]llctric alg,orit]]ms  to arrive  at tlIc u]lcertaint,y ill the al)-
so]ute dist, ancc II Iodulus relative to tl]c l,hl(~.  ‘J’lic  uncertainty
in the I,MC distance ]Ilcjd IIlus a]ld the effects  of diflereltt ]llctal-
licitics  of (1IC l,MC and NGC3621 ([()/11] = -3.60 al]d -3,05,
rcs]~cctivc]y)  arc addd to arrive at tl]e final ullccrtail]ty  ill tllc
distance  ]IIodulus,

‘1’AIII,I; 4

]]- FIAN1)  ‘~ ’Lll,I,>’- ](’l  SlllI;lL  I{ 1:1, A’I’ION  I) A’I’A

Galaxy AI)(()) 11? ;;, ~ licfcrct[ccs
Na]nc kill/s ]na, g

M31 552 -23.49 ]’g~

h433 253 -20.12 }/()()

h481 531 -23.42 ]{’94a
N(;C  300 235 -19.66 ]!’00

N(3C 925 273 -21.26 1“’J’81  ; S96; lv84
NGC2403 306 -91.05 ]:g(j
NGC3351 39(J -22.60 A77; SS1)87;  G96
NGC3368 523 -23.45 A77; ‘1’95
NGC 3621 366 -21.80 1’1’81
NGC453G 376 -22.81 A80;  S96

NorR. A 7 7 :  Aarollsoll ( 1 9 7 7 ) ;  A80:  Aarollsoll d al. (1980);
1’90:  lhxl]l]a]] (1990);  l)94a: IPrced]na]l  ct al, ( 1 9 9 4 a ) ;  lr’J’81  :
1+’ishcr & ‘Jhlly (1 981); G9G: Grallaln  ct al. (1996); S96: Saha C(
al. (1996); SS1)87: Stavcley-Sll)itll  & ])avics  (1987); ‘1’{)5:  ‘J’aIlvir
d al, (19!35);  W84: Wevcrs (1984)



Cllij, Gail) Al)crturc  (k)rrectio]]
llatiO 1“555W 1“s14 lV

I’CI ] ,987 ().067 -0.077
WIJZ 2.003 0.014 + 0.02(;
\y],’3 2,006 ().007 + ().032
\~l],4 1.955 -0.011 i 0.010

I“814W  = lll}~]qw + 2,5 IOp;](,  t -1 .94(I

All V : }$’555\$’ -0,045 (\~-1) + 0.027 (\’-l)~

1 = l~814W  -0.067 (\~-1) + 0.025 (l~-l)z

(jf)



2

-
0
z



- 1

I 1

----- ----- ------- -- u-u . ..-



1!

,,, ,,, ,,, ,,, ,,, ,,,



- J
cc



-.

1{.A. I) Cc.
(J2000.())

11:18 :10.0 - 32:51:46,4
11:18 :18.9 - 32:50:49.4
11:18 :19.5 - 32:51:28.0
11:18 :22.2 3’2:51 :32.?
11:18 :23.9 - 32:50:52.2
11:18 :22.2 - 32:51:29.4
11:
11:
11:
11:
11:
11:
11:

8:23.2 - 32:51:03.5
8:22.7 - 32:51:31.5
8:23.9 32: M);59.()
8:24.0 32:51 :18.4
8:21.0 -32:51  :22.4
8:23.7 - 32:51:00.4
8:20,9 - 32:51:14.4

11:18 :18,2
11:18 :22.3
11:18 :20.6
11:18 :22.4
11:18 :21.1
11:18 :21.9
11:18 :22.1
11:18 :24.2
11:18 :21.s1
11:18 :21.0
11:18 :22.5
11:18 :21.1

- 32:51:50.2
- 32:51:03.0
- 32:51:24.3
- 32:51:02.3
- 32:51:15.6
- 32:51:34.1
- 32:51:41.6
- 32:51:47.0
- 32:50:50.0
- 32:51:16.6
- 32:50:58.3
- 32:51:33.1

v

20,07
20.72
21.18
21,40
21.50
21.51
21.77
21 .7{)
~] ()()

22.05
22.14
22.16
22. ?1
22.29
22.40
22.46
22.56
22,59
22.59
22,60
22.03
22.64
22.68
22.70
22.72

1

18.36
20.02
]g, {)(j

20.08
20.54
21 .3(i
21 .5$)
21.43
21.74
21,90
21.85
22.19
21.04
21.96
22.34
?2.38
22.63
22.21
20.27
20.43
22.68
22.75
21.71
22.79
22.48
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R,A. I) Cc.
(J2000.0)

11:18 :12.7
11:18 :12,8
11:18 :13.0
11:18 :13.1
11:18 :13.1
11:18 :13.4
11:18 :13.6
11:18 :14,1
11:18 :14.2
11:18 :14.2
11:18 :14.6
11:18 :14.6
11:18 :14.8
11:18 :15.1
11:18 :15.3
11:18 :15.4
11 :18:15.5
11:18 :15.5
11:18 :15.5
11:18 :15.6
11:18 :15,6
11:18 :15.8
11:18 :15.8
11:18 :15.9
11:18 :15.9

-32:50 :43.2
- 32:51:17.1
- 32:51:03.3
- 32:50:57.0
- 32:51:16.3
- 32:50:58.6
- 32:51:32.5
32: LI:13.4
- 32:50:53.3
- 32:51:14.8
- 32:51:03.8
- 32:51:35.7
- 32:51:21,9
- 32:51:33.8
32:51 :50.4
- 32:51:05.5
- 32:51:04.7
- 32:51:37.2
- 32:51:45.9
32:50 :50.1
- 32:51:30.6
- 32:51:02.1
- 32:51:06.3
- 32:51:33.5
32:51 :35,8

1’

23.39
23.40
23.35
?3.35
23.()()
22.79
23.32
22,45
23.02
23.33
23.52
23.45
23.28
23.51
‘23.10
22,77
22.70
23.09
23.52
21.88
23.45
23.59
22.67
23.20
23.52

1

22.36
21.36
23.33
21.48
20.05
22.58
22,92
23.12
22.57
21.31
22.34
23.05
22.10
22.81
22.29
22.14
22.16
22.83
22.84
20.81
23.60
23.38
22.27
23.12
23,22



-1
-J



2449713.857

,..
23,664  0.07
24.42fl  0,0{)
24.313 ().10
25.47 a 0.24
25.364 ().13
23.57,1 0.11
24.814 0,12
23.844 0.21
23,643 0.08
?6.02 d 0.22
24.924 0.22
24.53,1 0.09
?3.72 3 0.14
24.57,1 0.23
24,164  0.06
23.604 0,11
25.084 0,16
23.463 0.08
‘24.49  4 0.08
25.40 + ().14
24.71 :1 0.15
25.36:1 0.17
24.824  0.13
25.71 3 0,17
24.2!7  3 ().08
24.<)7 3 0.24
24.924 0.13
25.703 0.19
25.474 0.16
25.353 0.20
24.34 i 0.12
25.393 0.22
25.28 d 0,’23
25.284 0.11

2.449721.770

23.67 i 0.14
23.97:1 0.08
24.653 0.12
24.39 + 0.10
25.563 0.20
24,734 0.08
23.964 0.11
24.44 d 0.23
24.20 d 0.23
2!4.08  :1 0.08
25.{12  5 0.22
25.163 0.33
24.88 S 0.13
22.973 0.10
25.434 ().18
24.51 fi 0.08
24.01 3 0.13
25.464 0,21
23.963 0.08
24.62 d 0.24
24.424 0.07
23.953 0.11
‘26.40  + 0.40
24.21 + 0,09
26.09 j 0,27
25.224 ().09
24.593 ().22
24.10 + ().12
25.264 ().17
25.984 0.21

.
24.59 d 0.21
26.205 0.33
24.56 + 0.09
24,54 ~ 0.10

2449732.891

23.873 0.16
24.123 0,08
24.783 ().0{)
23.54 i 0.05
24.354 0.14
24.633  0.13
24.144 0.14
24.67~  0.14
24.53 i 0.23
24.503 0,27
25.b6 + 0.19
25.763 0.31
23.79 d ().07
23.464 0.09
25.66 A 0,25
25.08 d 0,12
24.394 ().11
25.594 0.21
24.584 ().12
25,153  0.15
24.95 + ().12
24.39 s ().13
24.89:1 0,14
24.833 0.11
25.223 ().12
25.534 0.15
24,92 ~ 0.19
24,79,1 0,12
25.22 j 0.12
25.884 0.18
25.02 d 0,19
24.08s  0,13
26.51 3 0,38
24.963 0.17
2!5.25  d 0.13

2449734.969

23.7s 4 0.21
24,15:1 0.08
24.543 0,08
23.493 0.07
24.443 0,12
24,504 0.11
23.544 0.28
24.843 0.()$)
24.41 ,1 ().34
24.523 0.00
25.603 (),14
25,504 0,24
23.923 ().()6
23.464 0.13
25,573 0,21
25,103 0.11
24.40 +. 0.13
25.604 0.24
24,403 0,0S)
24.754 0.12
25.093 0.10
24.454 0.17
25,14 j 0.14
24.78,1 (),18
25.37 f 0.23
24,804 ().08
25,05:1 0.20
24.573 0.11
25.533 0.19
25.054 0.18
25,173 (),18
24,16:1 0.13
26,09,1 0.2{)
25.153  0,10
25.23:1 ().12

2449737.918

23.603 0,13
24.224 0,10
24.134 0.10
23.71 d 0.07
24.534  0.13
24.743 0.10
23.193  0.12
24.?37j 0.11
24.41 4 ().26
24.543 0.11
25.853 0.18
25.424 0.23
24.154  0.07
23.533 0.10
25.625 ().28
24.824 0.17
23.653 0.07
25.004 0.28
24.555 0.09
24.333 (),11
25,193 0.10
24.503 ().18
25.053 0.17
24.824 ().19
25.493 0.18
24.264 0.12
25.004 0,19
24,833  0.12
25.593 ().17
25.11 3 0,14
25.254 0.15
24.37 + ().16
25.443 0,18
24.963 0.16
25,33 d 0.12

2449741.670

23.26 + 0,11
24.233 0.11
23.97 + ().07
23.764 0.07
24.823 0.14
24.894 ().13
23.2s + 0.11
24.953 0,0{)
23.934 0.22
24.674 0.09
25.764 0.15
24.754 0.15
24.35:1 0.0{)
23.584 0.10
24.98:1 ().18
23.964 0.08
23.453 0.07
25.024 0.18
23.393 0.09
24.54 4 (),15
25.23 + 0.12
24.52 + 0.18
25.473 0.24
23,894 0.11
25.953 0.21
24.564 0.09
24.34:1 0.17
23.643 ().09
25.793 0.14
25.364 0.13
24183  0,09
24,603 0,13
25.524 ().19
24,85 ~ 0.16
24.234 0.09
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2449713.857

25.023 0.10
24,584 0.13
24.563 0.20
24.174 0.11
25.24  ,{ ().12
24,023 0,08
24.653 0.12
23.71 4 0.16
25.31 3 0.18
24,533 0,17
25.263 0.21
24,00 + 0.13
25.494 0.16
25.754 0.23
24.77 + 0.14
25.634 0.18
24,423 0.10
24.734 0.14
24.044 0.11
25.173 0.11
2b.08 3 0,13
25.10 ,} 0.13
24.81 3 ().19
25.474 0,20
24,574-0.09
25.243 0.12
25.63 + 0.16
24.863 ().14
25.664 ().18
25.334 0.18
25.884 0.23
24.984 0,12
2b.oEl 3 (),2()
25.323 0.17
26,724 0.31

‘I’AIII,  I; A7- COniZtiv(d

2449721.770 2449732.891 2449734 .{169

24.683 0.12 25.123 ().14 24.91 4 ().13
25.563 ().19 24.483 0.0S 24,3{)  3 ().11
23.583 0.12 24.33 i ().23 24.51 3 0.14
25.004 0.16 24.773 0.17 24.094 0.10
25,05 d 0.12 25,193 0.11 24.854 0.08
24.854 0.08 23.834 ().07 23.974 ().10
25.71 :1 0.29 24.594 0.1’2 24,693 0.16
24.04:1 0.21 23.60,1 ().15 23.75,1 0.12
24.753 0.10 25,41 3 (),14 2498  j (),1~

24.764 0.’22 24.644 0.16 24.53 ,+ ().19
24.42,1 0.07 24.993 0.20 24,(II  4 0.15
24.81:1 0.14 24.063 0.11 24.054 0.08
25.243 0.21 25.404 0.19 25.344 0.20
25.864 ().23 25.644 (),18 2L.64 + ().1{)
25.77 + 0.25 24.863 0.1$1 25.023 ().17
24.753  0.10 25.374 0.16 24,71 3, 0.10
25,223 0.14 24.633 0.08 24,664  0.10
25.22 fi 0.15 ~4,f)(j -J (), ]3 24.{)2 3 0.17
25.144 0.19 24.353 ().13 24.483  0,12
26.084 0.22 25.57 j 0.11 2L,60 4 0.20
25.304 0.14 ‘24.61 3 ().08 24.723 ().13

25.384 0.17 25.833 ().16
. . .

25.744 0.20
25.123 0.12
25.273 0.13
25.063 0.13
25.973 ().24
25.35 + ().1{)
25.373 0.16
25.13j  0.17
25.51 3 0.18
25.46 +- 0.1$)
25,98 -j o]~

26.00,4 0.22

.,.
25.824 ().16
24.953 0.12
24.964 0.10
25.663 0.19
25.383 0.19
25,02,1 0,10
25.343 ().12
25.20 + 0.16
25.46 + ().13
25.07 ,{ 0.20
25.14 + 0.11
25.35 i. 0.12

25.604 (),19
25.33 + ().12
24,04 ~ ()]7

25.30 + 0.11
25,633 ().22
25.39 j ().17
24.73 + ().13
25.523 ().17
25,303 ().11
25.004 ().18
25.25 + 0.14
25.563 0.15

2449737.918

24.953 0.11
24.71 + ().10
24.51 4 OIL
24.364 0.13
24.484 ().08
24.303 0.11
25.123 0.18
23.873 0.16
24.36 + 0.09
24.584  0,19
24.76fl  0.11
24.353 0.10
25.434 0.14
25.584 0.22
25.393 ().23
24.60+  0.13
2492  ~ (),18
2!5,183 0.17
24.824  0.15
25,834 ().26
25.11 ,1 0.17
25.42 j 0.15
25.77:1 ().38
25.324 0.32
25.134  0.11
25.16+  0.16
25.37 II 0.13
25.483 0.21
25.59 + 0.24
25,084 0.16
26.134 0.28
25,04 + 0,14
25.425 ().22
25.87 + ().26
25.46 d 0.16

2449741.670

24.41 :1 0.08
24.97 + 0.16
23.81 3 0.09
24.654 0.10
24.70 ~ 0.10
24.45:1 0.12
25.42 d ().1()
24.11 4 ().17
24.754 0.11
24.303 (),16
24.()() ,1 ().09
24.763 0.11
24.7$4 0.13
24.66 + 0.12
25.774.0.22
25.073 0.12
24.81 + 0.10
25.043 0.12
25.184 0.15
25.154 ().16
25.503 0.17
24.85+  0.14
25.51 4 0.23
24.823 0.15
24.274 0.07
25.063 0.13
25.92 + 0.16
24.894 0.10
24.643 0.11
25,453 0.22
25.744 0.19
25.473 0.19
25,123 ().15
25.264 ().16
25.583 0,17
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11) 2449745.493

‘23,24 3 0.09
24.144 0.11
23,94  j ().06
23.745 0,10
24.80 ,{ 0.19
25.024 0.13
23.304 0.16
24.933  0.14
23.79 s 0.21
23.67 a- 0.06
26.074 0.23
24.823 0.15
24.57 + 0.08
23.664 0.12
24,74 i 0.19
24.124 0.09
23.61 3 0.08
25.184 0.20
23.663 0.08
24.753 0.16
25.154  0.13
23.52 + 0.10
25.75 d 0.24
23.90,1 0.10
2(;.00  j 0.31
24.634 0.12
24.343 0.16
23.954 ().10
25.41 4 0,1{)
25.454 0.15
24.364 0.10
24.49+ 0.15
25.94  4 0.29
24.373  0.13
24.524 0.11

2449749.579

23,324 ().08
23.654 0.09
24.203 0.09
23863  ().09
25.074 0,1{)
25.19 ,} 0.13
23.433 0,16
25.144 0.12
?3.87 d 0.23
23.64  3 0.09
26.043 0.19
25.043 0.18
24.663 0.09
23.254 0.12
24.983 ().19
24.384 0.13
23.8S 4 0.10
25.373 ().21
23.9(I 3 0.12
2498  ~ 013

24.31 4 (),14
23.873 0.10
25.574 0.23
24.09 d ().10
24.86 + ().13
24.953 0.12
24.433 0.15
24.21 3 ().12
24.724 0,15
26.103 ().30
24.584 ().17
23.55 A 0.12
26.02 + 0.27
24.743 0.12

2449754.739

23.45 d 0.08
23,393 0.08
24.373 ().08
24.lb  3 O.(K)
2L.51 3 0.31
25,384 ().17
23.623 0.18
25.203 0.16
24.244 0.19
23.91 + 0.09
‘20.23  ,1 0.32
25.304 0.15
24.944 0.13
22?.87 3 0.12
25.32!  s 0.21
24,51 3 ().09
24.083 0.12
25.494 0.19
24.11 + 0.15
25,233 0.19
24,704  0.11
24.283 0.12
24.803 0.14
24.44 + 0.11
25.01 3 0.15
25.244 0.13
24. (;4 3 ().25
24.50 + 0.08
25.084 0,14
25.744 0.18
24.834 ().1’2
24,00 d 0,14
26.71 4 0.47
24.914 0.14

2449760.641

23,483 0.10
23.034 0.07
24.58 j ().10
24.153 0.08
2!5.55  3 0.26
24.80+  0.13
23.864 0.17
25.33 :1 0.15
24.244 0.24
24,223 ().09
26.493 0.30
25.724 0.23
24.09 j 0.10
23.14 ,{ ().10
25.39 d 0,24
24.793 0.10
24.233 0.10
25.854 0.22
24.493 0.10
24.923 0.12
25.14:1 ().14
24.435 0.18
25.06 + 0.20
24.693 0.13
25.21 3 0,19
24.134 0.10
24.98 ,+ 0.1$1
24.81 4 ().11
25.71 3 0.15
25.204 ().17
25.054 0.15
24.28 + 0.1’2
25.4S) 4 ().25
25.15 ,+ 0.1!1

24.764 0.11 25.223 0.13 25.423 0.11

2449766.877
.-

23.603 0.09
23.S19 + ().06
24.834 0.10
23.(38  3 0.07
24.243 ().12
24.454 0.10
24.063 0,19
25.28,1 0.24
24.41 3 0.26
24.4{) 4 0.09
25.583 0.19
25,S1 + 0.20
24.01 3 0.10
23.393 0.12
25.71 d 0.23
25.01 4 ().11
23.743 0.11
24.954 0.13
24.013 O.(N
24.41 3 0.12
25.233 0.12
24.623 0.19
25.74  ~ 0.24
23.693 0.10
25.723 0.22
24.61 + 0.11
24.25,1 0.18
23.794 0.07
25.853 0.21
25.51 ,1 0.17
24.093-0.10
24.553 0.23
25,904 0.29
24.553  0.10

244{1773.17i-

,.,
24.21 4 0.08
24.853 0.0!)
23,594 0.07
24,463  0.12
24,834 0.11
23.5h 4 0.12
24.71 3 0.08
23.94 i 0,19
24.583 0.09
25.834 0.20
24.92 + 0.25
24.’273 0.08
23.674 (),13
24,903 0.17
24,284 0.09
23.723 0.12
25.21 ,1 0.15
23,79 + 0.10
24,(]4 ,! o12

24.31 3 0.08
23.84 :{ 0.13
2(3,06  3 0.31
24.253 0.10
24.974 0.14
25,44 4 0.15
24.634 0.19
24.274 ().()8
24.534 ().08
25.983 0,16
24,753 ().17
23.683 0.13
26.384 0.41
24.843 0.18

24.394 0.07 24.834 ().()9



2449745.493

24.564 ().13
25.353 0,19
23,724 ().11
25.10,1 ().15
24.963 0.15
24.804 0.16
25.733 0.29
24.103 O.l(i
24.89: ().17
24.21 3 0.17
24.21 i 0,12
24,564 0.17
24.973 0.17
24.904 0.15
25.553 0.21
25.353 (),15
24.073 0.08
24.434 0.10
24.903 0.16
24.994 0.18
25.31 3 0.16
25.01 4 0.09
24.754 0.17
25.124 0.12
24.733 0.16
24.744 0.12
25.943 0.17
25,093 0.15
25.103 0.16
25.193 0.27
25,154 0.13
25.373 0,16
24.953 0.18
25.404 0.18
25.493 0.14

2449749.579

24.8G :{ 0.12
25.43: 0.17
24,064 ().13
25.13,1 ().15

. .
24.71 d 0.09
25.383 0.19
q:+g] -J O](j

25.19 ,+ 0.18
24.47,4 0.15
24.63 + ().12
24,03 +. 0.09
25.29 d 0.13
25.424 0.24
24,633 0.12
25.474 0.’21
24,353 0.13
24.78+0.13
24.19 ,} ().08
25.474 0.14
24.633 ().17
25.574 0.19
25.28 +. 0.21
25.603 0.!22
25.243 0.14
25.054 ().08
25.294 ().14
25,534 0.13
25.324-0.18
24.923  0.13
25,$)3  2 0 2 2
25.104 0.14
25.743 0.34
25,723 0.24
25.852 0.21

244{) 754.739 244(J7C0.641

25.084 0.14 24.96 :{ 0.12
24.393 0.1’2 24.89 :{ 0.15
24.584 ().17 24.41 4 0.15
24.124 ().13 24.573 0.13
24.9s 4 0.12 24.523 0.10
23.89 ~ 0.12 24.463 0,14
2.4.833 0.15 25.4!) 4 0.20
23.6(1  3 0.13 23,{)3  3 0.14
24.37 d 0.08 24.754 0.13
24.67 j 0,16 24.144  0.12
24.85a 0.19 23.833 0.09
24.184 0.09 24.68 + ().13
25.41 :1 0.19 24.853 0.11
25.47: 0.27 24.64 d 0.13
25.153 (),18 26.lb  3 0.37
24.584 0.12 25.224 ().16
24.83,1 0.09 24.063 0.11
25.31 + 0.16 ‘24.31  3 0.10
24.674 0.15 25.05 ,i ().16
25.544 0.23 24.904 ().17
25.143 0,14 25.37 * 0.17
25,074 0.12 25.244 0.]3
25.87:1 0.30 24.763 ().15
25.394 0.20 25,16 fl 0,20
24.81 + 0.08 24.864 0.15
25.32:1 0.18 24.853  0.13
25,92 :t 0,21 25.663 0.18
24.724 0.12 25.59 + 0.22
24.892 0.14 25.40:1 0.14
25.333 0.20 24.86 fl. 0.17
25.463 ().19 25.683 0.13
25.874 0.20 24.953 0.14
24,933 0.18 25.42 i 0.25
25.44 d 0.15 25.104 0.20
2b.84  4 ().17 !25.93  3 0.27

2449766.877
.—

24.61 4 0.10

23.6(1  4. 0.20
25.054 0.14
25.25 ,} ().17
24.84  j 0.14
25.523 0.25
23.903 0.21
25.08 a 0.18
24.454 0.16
24.264  0.15
24.633 ().16
25.333 0.21
25.50 d 0.19
24.624 0.14
25.463 ().22
24.553 0.13
24.873 0.11
24.223 0.12
25.743 0.20
24.693 0.10
25.5230.16
25.334 0.23
26.003 0.38
25.20 + ().16
25.384 0.18
25.824 0,20
24.774 0.11
25.073 0.17
25.60 + 0.18
25.474 0.15
25.623 0,16
25,19+0.15
26.00 ,! 0.27
25.824 0.23

2449773.176

25,084 0.14
25.503 0.22
24.44 4 0.17
25.44 + 0.18
25.674 0.2(;
24.143 0.09
24.984 0.19
23.693 0.17
24.754 0.12
24.634 0.15
24.933 0.15
24.403 0.14
25.682 0.21
25.983 0.26
25.582 0.27
24.55 fl. 0.09
25.284 0.17
25.54 d 0.18
24.953 (),16
25,603 0.14
25.60 + 0.17
24.804 0.12
26.023 0.35
24.874 0.13
24.61 3 0.12
24,903 0.12
25.72 ,i 0.21
25.684 (),19
25.564 0.22
25.094 0,13
25.844 0.24
25.064 ().12
25.163 ().20
25.51 ,1 0.11



2449713.915

22.623 ().09
22’.57  A 0.06
22.994 0.07
23,19 j 0.07
23.854 ().18
24.163 0.11
22.753 0.09
22.953 0.06
23.073 0.11
22,813 0.06
24.(i6  S 0.13
23.62 + 0.21
23.28,1 ().07
23,144 0.10
23.293 0.13
23.003 0.06
22.71 4 0.0{1
23,983 0.11
22.87 + 0.05
23.464 0.10
23.864 0.0S
23.623 0.13
23.91 4 0.12
23.833 0.12
24.21 3 0.11
23.533 0.11
24.133  0.18
23.664 0.10
24.154 0.12
24.073  0.11
23.693 0.13
23.31 3 ().15
23.95 + 0.14
24.104  0.14
23.983 0.11

2449721.830

22.81 4 0.10
22.743 ().06
23.184 0.08
23.31 3 0,09
23.95 a 0.17
23.55 j 0,09
22.954 0.08
22.843 0.07
23.174 0.18
22.963 0.07
24.96 ,{ 0.21
~:{:)(] -J o~~

23.714 0.08
22.524 0.08
23.503 ().11
23.303 0.08
22.983 0.0.S
24.303 0.15
23.14,1 0.00
23.7{) 4 0.07
2.3.494 0.10
23.133 ().()9
24.383 0.21
23.334 ().()8
24,72 + ().16
23.943 0.11
23.643 0.17
23.163 0.08
24.064 0.12
24.423 ().14
23.223 ().08
23.563 0.17
23.983 0.11
23.693 ().11
23.45 + ().08

2449741.734

22?.52 3 0.08
23.004 0.07
22.774 0.05
22.763 0.06
23.37 s 0.12
23.47 d 0.07
22,63,1 0.06
22.87,1 0.10
23.11 4 (),14
23.374 0.09
24.68,1 0.17
23,49,1 0.1!)
23.174 0.07
‘22.99  ,+ 0.10
23.474 0.10
23.013 0.07
22.66 + 0.09
23.95 S ().13
22.75 d ().07
23,51 :1 0.08
23.973 0.11
23.65 + 0.13
24.01 3 0.12
23.19,1 ().()9
24.344 0.11
23.63 + 0.10
23.58,1 0.11
12.{)(} 3 0.08
24.214.0.13
23.99,1 ().11
23.053 0.07
23.483 ().14
24.05,1 ().18
23.92,1 0.10
23.26 ,+ 0.06

2449760.700

22.554 0.09
22.564 0.06
23.174 0,10
23.163 0.08
23.803 0.19
23.48 j 0.12
22.955 0.09
23.24,1 0.07
23.11 :1 ().19
23.024 ().06
24.723 0.18
23,91 3 0.12
23.573 ().10
?2.07 + 0.10
23.70 + 0.12
23.584 0.09
22.974.0.09
24.373 0.23
23.34 + 0.07
23,794 0.12
23.79 d ().08
23.193 0.11
23.893.0.15
23.674 0.13
24.103 ().13
23.504 0.06
24.152 0.1S
23.59 =1 0.10
24.033 0.13
23.903 0.14
23.503 0.13
23.41 4 0.17
23.853 0.25
2390  + oog

24.06j 0.11
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C36
(:37
(~38
(;39
C4(l
(;41
[;42
(:43
C44
(;45
C4(i
C47
C48
C49
C5(I
C51
(;52
C53
C54
C55
(;56
(:57
(;ss
(:59

C60
(m]
C(32
C63
CG4
(:65
C66
C67
(;68
[;(-j{)
\yo ]

2449713.915

24.133 0.10
23.473 0.07
23.59: 0.11
23.51 5 0.11
23.923 0.08
23,?8 :i 0.06
23.693 0.09
22.!)4 4 0.15
24.11 3 0,10
23.07 + 0.10
23.523 ().31
23,41 3 0.11
24.093 0.12
24.394 0.16
23.893 0.12
24.204 ().16
23.71 + 0.06
23.864 0.14
23.593 0.10
24.204 0.13
24.134.0.09
24.094 0.14
23.85 + 0.12
24.374 0.15
23.894 0.10
24.21 + 0.14
24,433 0.14
24.233 0.15
24.603 0.18
24.11 4 0.10
24.353 0.17
24.024 ().13
24.243 0.17
24.703 0.17
25.293 0.24

2440721.830

23.674 0.07
23.994 ().1()
23.034 0.12
23.6’73 0.14
‘23.68  L1 0.08
23.734 0.08
24.104 0.16
23.26:1 0.12
24.00,1 0.14
23.234 0.12
23.07 fl ().23
23.624 0.17
24.183 0.10
24.394 0.12
24.333 0.16
23.73 ~ 0.10
24.183 0.10
24.41 3 ().18
24.21 3 ().17
24.884 0.27
24,264 0.10
24.354 0.17

,,,
24.974 (). IG
24.174 0.13
24.303 0.15
24.194 0.11
24.91 3 0.22
24,504 0.15
24,143 0,10
24,05 j 0.11
24.324 0.14
24.765 O.l(i
25.084 0.22
25,083 ().21

2449741.734

23,523 0.07
23.823 0.00
23.14 :t (),0{)
23.834 0.11
23.704 0.07
23.47:1 0.0{1
23.88:1 0.12
23.21 :1 ().12
23.91 4 0.12
23.06:1 ().()8
23.00 ,t 0.21
23.734 ().13
23. s5 :1 0.13
23.(32 :+ 0.15
24.36 :i 0.15
23.824 0.13
23.854 0.11
24.08+  0.16
24,41 :1 0.15
24.284 0.16
24.453 0.14
23.8{) 4 0.12
24.423 ().1{1
24.194  ().12
23,633 0.10
24.323 0.13
24.58+  0.17
24.104  0.12
24.024 0.13
24.2!)  3 0.14
24.31 3 0.14
24.26,1 0.15
24.47j  0.19
24.(${1 :1 0,19
24.68 + ().17

2449760.700

23.993 ().11
23.69 + 0.08
23453  0.13
23.713 0.15
23.592 0.08
23.384 ().0S
24.123 0.15
23,294 0.10
23.80 ~ 0.13
23.01 4 0.10
22.883 0.18
23.753 0.09
23.723 0.14
23.884 0.19
24,523 ().24
23.894 0.12
23.533 0.09
23.58 d 0.10
24.444-0.21
23,984 0.12
24.483 0.11
24,074 0.12
23.783 0.13
24.224 0.14
23.883 0.11
24.02 :{ 0.11
24.523 0.’20
24.493 0.18
24.84 + 0.24
23.94 d 0.14
24.423 0.18
24.034-0.11
24.65 d 0.26
24.42:1 ().16
24,923 0.1{)
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